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LANGLEY FIELD WIND TUNNEL APPARATUS.

PART 1I.
REGILATORS FOR SPEED OF WIND TUNNEL DRIVE MOTOR.
Specially designed instruments regulate the voltage supplied
by a synchzponous motor generator to the wind tunnel rotor. This
arrangement i&-capadble of holding the motor speed constant to

within plus or minus two-tenthe of ome psr cent.
Desirability of Constant Spesd.

The =accuracy. of physiczl measurements and the time consumed
in making them depsnd very largely on ths wagnitude of any fluc-
tuations which may take nlace with respect to tims in tae quaAtia"
ty to be measured. If two or threes observations of rslated qizz-
tities are to pe made simultaneously. the time lag of the measur-
ing devices and of “he observers may be sufficient to\introduce
gerious erroré. If these fluctuations are of sufficiently shors
and regular period the meah value of the desired duantisy may be

estimatsd very closely br a skilled obsexver, If, on ths other

hand, the fluctuations are verv irregular, varying both in per-



iocd and intensity, accurate rsacing is Impossivle and mush tine
ls consumed in teking even approzimate wueasursments.

Vind tunnel experiments often Involve the meaaurement of
thres or fouxr wariables in addition to tine air spsed and as tless
are likely to we either sQuare or oube funictions of the speed,
any largs variation or uncertainty in the latiter must be fatal
to the efficient oraration of the tunnel.

Trhe main iisturbances of a2ir speed in & wind tunnel may be
due to:

1. Changes in spe=d of the vprepeller shait traceable to
the source of power.
2., Turbulent znd erratic air flow, including particularly

the formation and dbreaking of eddiss in the returning sitream of

3. Changed resistance of the tunnel to the »passage of air-
because of changed attitude of ths model belng Tested, requizing
change in propzller r.p.m. for sams sir speed.

The first of these rust undoubtedly be corrected before the

¢thars can be successfulls dealt wisth,
Terporary Power Plant,

During the firet ysar of operaticn of the National Advisory
Committee's wind tunnel, the only avallable sources of electric
rower were a malr of 25 Xw gasoliine—elsciric searchilght genera~
tors equivred with centrifugal governors and a 300-3C0O HP dyae-

meneter drivsen by a twelve cylirder Libsriy motoz. Thssse sup-.



plied current at 350 Tolits to t2e 7ind tuanel drive motor, zaled
at 300 EP for one hour, withk a base sﬁeed of 250 r.p.m¢ at fuil
Tield shrength; by weakening the fisld the spesd could De raissd
to a mexizmum of 14C0 r.p.m. Control was osbtained through con-
hactors and armature and field rheostats manipulated from the
experimental chaﬁber.

A Veeder liquid *sachometer driven from the prorseller shafw
served to indicate vsriations as small as one revolution in 10CO.
I+ was thus possible to compare the relative steadiness of two
sources of power with considerablie exaciness and without having
to rely merely on the judzment of observers. Preliminary experi-
menss showed that elesctrical measurements of +the supply ocurrent
and voltage were useliess as a means of comparing the steadiness

of motor speed.
Criginal Speed Variations.

The characteristices of the temporary power plant units mav
be given as follows:
The 35 Kw generators when operated singly ktad a tendency %o

hunt, apprazently due tc faulty manifoldiag and to insufficienz--

1y rapid governor action., Although they could hold & nearly c-n— -

stant voltage when carzying a resistance load they were incapa-—
ble of carrying the wind tunrel motor for a period greater than

3C secornds without its clhanging by at least 1% in speed whils

chenges of 5% were frequent and 10% were not unusual. With bosh

machines in parallel the fluctuations occurred mors fregusrtly
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tut their magnituds remained approximately the sams &s with &
singlie gemerator.

The Liberty engine, Raving no governor, was controlied b &
zecaanic woo set the throttle to hold apprcximately constant
voltage for changes irn load. He made no attemmt to follow siight

czanges in voltage while the tunrel was orerating at a surposed~

ly conatant spesd. Vhen delivering 100 HP or over ard with

|40

evarything in firat-class condition this rower was occasionally
very good, nolding the wind tunnel shafi- sreed constant within
i/% for considerable reriods and somevhat closer than thalisg for
a few seconds. 1t had the serious disadvantage however of sel-
dom coming back to its oxriginal sreed after a fluctuation but of
gettling down to some new sresd instead._ This rade it sssential
tc kesp a man constantly at the control zheostat prspared to
corzect the spesd alter each excursion. If any of the spark
rlugs fouled through long idling, which was frequently the case,
the proreller speed usually beceme so erratic that the engine
had to be shut down and the plugs clsared before coatinuing tae

Sests.

Tas Elimination of Variations in Shaft Speed.

.

The new voTsr installation™ uses a 300 Kw synsaronous motnz
generator thich is supplied from the local power-house four
miles away by 2 thrse—phass 68T-cycle 3450 volt iine on which

this motor gensrator set is the greasest load.

*- This apparatus was Gesigned and furnished by the Vestinghouss
Elsctric & Manufzoturing Company, East Pittsburgh. Pa.



The control system is rather complicated in its détall wir-

*ng diagran tut the accomparying gcherztic diagram will serve
%0 iliustrate thie princinies of operation,

The svnchronous i:0tor generator set s shown with t7o direct
cormested excitsre A ard B, while ths exoiter C i1s dlirest con-
nectad %0 The propeiler motor shaft.

Assume the set o bs running. Then exciter A, wkose vollage

constant by the regulator A, is ssen to be furn-

te
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!gniny constant ezcisation to the symchroncus otoz, the wird

tunnsl rotor =nd ths pilot gensrator G. Thils pilot generator by

=i

acting upon ths solenoid of rezulator B, governs the voltage o
the exciter B and hence the fisld strength of the D.C. Zener-
ator, the D.C. line voltzge, and consequently the sreed of ths
wind -funnel motorm.

Mors exprlisitly! the voltage across the terminals of rilod
generator C is proportional to the speed of tae wind tunnel pro~
pellsr shaft, If ﬁor anv reason the r.p.i: of the propeller and
r:ot0r drop off the voltaze of C likeviss deorezses and actuates
the —egulator B to increase the fisld on exciter B and thus
raise the voltage of the main generntor which tends to restors
the speed of the rrozeller to the original value.

The svetem 1is thus 3in a very steble state of eguilibzium,
Tc set the rotor for any given speed the field of exciter C is

adjusted to suit by means of the two rheostats shown in 1ts

fizld circult.
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8 regrlator armaturss ars wdjusted tc viobrate, norrally,
about five timeas per second, vhich means that the spsed corzeci-
ing larulses ocour with thes sanme frequensy. ;t ig obvious that
no diéturbing infiuence can act for an appreciable length of tlzs
7ithout engendering its own remedy. The apparatus as now ac-
justed suffices So hold the propeller spe=d constent to within
rlus or minus two revoluhions per minute wihen running at 1000

. F.ie. and somewnet closer st lower speeds.
Further luprovemsais,

The rroblem of obtaining praciically conetant propeller
speed having besn solved, there still remain the tvo other dis-
turkbing factors »f erratic air flow and iatsrfersnce of ths mod-

el with the alr velociiy. The methods used to eliminate these

0]

disturbonces will be outlined in arother noie.
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PART IX, )

?

A VERNIER MANOMETER WITH ADJUSTABLI SENSITIVITY.

In this instrument the air pressure is balanced against the
head of ligquid in & movable indicabtor tube, the height of which
may be accurately measured relative to the constant level in a
reservoir. It is portable, requires no calibration;and mgy be
adjusted for sensitivity and for darmping.

Referring to the accompanying illustration, 1t will be seen
that the gauge comprises a cylindrical tank or reservoir mount-
ed on a frame ninged to the base rlate and adjustable in height
by means of a screw. The short glass indicating tube is mounted
on a disc which may be rotated to inocline the tube at any desired
angle from the vertical in order %o increase or decréase the
sensitivity of the meniscus. The sitandard reference line, which
in operation is made to coincide with the menisocus, passes
through the center of this disc and forms part of a short auxil-
iary gcale, the graduations of which correspond approximately to
variations in read of 0.1 mx, (,004 in.) at the lowest angle of
the indicating tube and of 3 rm. (,0% in.) at tre highest anzle.
These ars used oniy while observing smell fluctuations from the
mean head and permit the estimation of such excursions to 0.01
v, (. C004 inm, ),

The frame supporting the indlicating tube slides smoothly u;—l

on the sqQuare vertical rod and may be delicately adjusted in
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height by means of s swmall pinicn meshing wit: a rack on the hack
side of the poet., Sufficient friction to keen the frame from
moving by its weight alone is furnished dy a concealed spring of
sultable tension, but the gauze may be locked against vibrgtign
or other disturbance by a thumb screw. Readings of the nean
head of liquid are made by means of a centimeter scéle graduated
on the column and a corresronding vernier on the sliding frane,
reading to 0,1 ==. (.004 in.).

A telitzle glass fitté‘ —ith-2 movable index is connectsd
to ths high and low pressure sides of the  reservolr and lmmedi-
ately indicetess any changé in the zero reading due to expansion,
ieakage, or tilting of ths base plate.

In nreparing the gaug; for use “he vernier is first set ab
zero and then the reservoir is raised or lowered by means of the
adjusting screw until the meniscus in the indicating tube is tan- .
gent to the reference line. The rointer on the telltale glass
is then set to mark the zero level.

48 the volume of liquid in the tubing is constant there is
no change of headlinside of the reservolr and consegquently no
oofrection is redquired for'tﬁe relative oross sectional area of -
the indicating tube and the reservoir, as is necessary with the
Krell tyse of gauge. |

Provision is made for the viscous damping of fluctuations
in pressure by r.eans of a selective alcohol cock which sither

connects the gauge tube dirsctly with the reservoir or through a
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3 stort or & long section of hypodsrnic tube rrojscting from the
coclk into tae tank, depending on the amount of damping desired.
Damping %hrough 2 nesdle valve 1s not cons:dered satiafactory as
errors may be introducsd by a tendency to build v & pressure

diffsrence across the orifics.
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